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(57) ABSTRACT

The invention relates to a method for processing information
in an apparatus having one or more interfaces to one or more
peripheral components, said method comprising obtaining
information about resources of the one or more peripheral
components from at least one peripheral component, forming
a policy basing at least partly on the information about the
resources of the at least one peripheral component, forming a
cost function basing at least partly on the information about
the resources of the at least one peripheral component, deter-
mining an entry combination of the resources forming the
cost function such that the entry combination is at least in part
compliant with the policy and changing configuration of the
apparatus to at least partly comply with the determined entry
combination.

20 Claims, 6 Drawing Sheets




US 9,354,897 B2

Page 2
(56) References Cited 2008/0201179 A1 82008 Maes
2009/0013380 Al 1/2009 Chandrasiri et al.
U.S. PATENT DOCUMENTS 2009/0286543 Al  11/2009 Nath et al.

2005/0022185 Al 1/2005 Romero
2008/0005381 Al 1/2008 Theocharous et al. * cited by examiner



U.S. Patent May 31, 2016 Sheet 1 of 6 US 9,354,897 B2

132

34
e

£

Fig. 1a

130

143




US 9,354,897 B2

Sheet 2 of 6

May 31, 2016

U.S. Patent

ql ‘614

-

d @o1nag

z0f

//

Z wasAsqgng

| weysAsqng

yor_/

T T

.

c0l

oLl

/
(=

we)sAsgng

g 901neQg

}omjeN

/
0 8oIneQg
waysAsqng
)
TN N
4
\/ 20l
& Zhl
/
/
[A0]"
8oL —
waysAsgng
V 991A8Q )




US 9,354,897 B2

Sheet 3 of 6

May 31, 2016

U.S. Patent

¢ ‘b4

l |

J ore Y 0ve vee \__9|qe} sjepdn pue yoims

glL¢ 912
m:_hw_ﬂ:m_ / Buueung / eee _ uonewyuod Jasn

0€Z. | suonenobau jeulo g Bunjeys pueH |

) ) olpny pue ALGH UiiM SUOHEZIIEnU| . @77 _ ove

oIpny pue ALAH Yim BupjeyspueH
seouaIsjeId Jasn yym yojew
9zz—" ¥2C . “B'e‘uonenieas
il
Buideaxoog 14%4
(444
)
uopEewIoU|
Awixoud Buneys \
BupjeyspueH clLe
ONN\ Buiuuni yoseeg —
| oje 'suojoeIelUl | -
19SN ‘Weals 0spIA
oipny ALQH ( }JOMISN ) an SA
N
~~802 \-902 402 (4114

oLe

00¢



US 9,354,897 B2

Sheet 4 of 6

May 31, 2016

U.S. Patent

ove

oLE
Buusyng

¢ B4

V€ _ siqe ejepdn pue yoms

A%

\_ uonewIuoD Jesn

0€¢€. | suonenobau jeuuo g Gunjeys pueH

weshis
JUSLWUIBPSIUSBLIOY YlIM UoeZIeniu]

~— 8¢€

ove

—

welsAs
juslWUIayE)Ug awoy yym BupjeyspueH

9ce

seouslejeld Josn yum yojew

vee

44

)

B ‘uonenjeag

Budeaypoog VLE

uojjew.ojul \
Awixoid Buueysg

oze—"

walsAs
JuswiuIelISjuUS SWOH

(SHomaN )

\._90€ - p0e

BunjeyspueH

mc_::E_. yoleag -

9)e ‘suonoelajul

an
-

c0g

Josn ‘Wealns osplA |

L~

SA

oLe

00€



U.S. Patent May 31, 2016 Sheet 5 of 6 US 9,354,897 B2

Fig. 4




U.S. Patent May 31, 2016 Sheet 6 of 6 US 9,354,897 B2

502 -

Fig. 5



US 9,354,897 B2

1
DYNAMIC CONFIGURATION OF AN
APPARATUS BASED UPON POLICY AND
COST FUNCTION CONSIDERATIONS

FIELD OF THE INVENTION

The present invention relates to an application infrastruc-
ture that scales dynamically to present environmental condi-
tions in various abstraction levels.

BACKGROUND OF THE INVENTION

A traditional way of designing and implementing various
data processing devices has been based on a centralized appli-
cation engine. That is, a data processing device typically
comprises a central processing unit (CPU), which may con-
sist of one or more processors, and other parts and subunits of
the computing system. The CPU then controls the operation
of'the whole computing system by delivering operation com-
mand to the subunits and by processing and transferring data
to and from the subunits.

In general, software programs may consist of instruction
sets executable by the CPU, which are arranged to receive
input from the other units of the system for calculating an
output of that instruction set. Further software blocks of
instruction sets are transferred into a software modules
which, in turn can be integrated together to form more com-
plex software programs.

These sophisticated software programs may receive input
in various forms for example as in raw data from mass storage
hardware, as an user input from variety of user input devices,
electronic information from different kinds of sensor devices,
etc. In some instances, programs may be configured to pro-
duce data usable by other software applications. In these
instances the chain of applications is not restricted, and vari-
ous combinations of input/output relations can be produced.
However, in these kind of setups problems may be presented
when information is conveyed from one program to another.
Ifthe relationship is known before the software program code
is created, then it is relatively easy to build up the system so
that it uses one program’s output as an input for another
program. This kind of approach leads to rigid application
relation architecture, where the functions of the software code
and transactions between software entities are smooth, but the
flexibility is lost and changes in functionality and architecture
require each time remarkable revisions and effort.

However, more flexible modular software architectures for
sharing information amongst programs have evolved
recently. The modularity of a software architecture is used for
breaking bindings between traditional software architecture
blocks. Software modules can be removed, revised or modi-
fied without having to suspend the overall operation of the
device. Software modules may contribute information to a
shared memory space. Some other modules may be special-
ized to provide communication services. Altering program
elements constructed according to this architecture may not
affect program elements that are communicating with other
program elements, nor jeopardize information stored in the
system as long as shared memory space is available for other
program elements in the system.

Software applications produced with modular elements
can be used for example in situations where software appli-
cations are producing connectivity capabilities between two
peer instances. The upper layer application using connectiv-
ity may require only reliable transport service for its data,
while not setting expectations for the technique of conveying
the data. In this situation modularity enables the change of
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used transport technology beneath if predefined event triggers
the initiation of the change. This may mean for example
switching the transport layer mechanism from a Universal
Mobile Telecommunications System (UMTS) network to a
Wireless Local Area Network (WL AN) connection if device
comes to a range of a WLAN hotspot.

Current modular software architecture is restricted with
very narrow application centric approach, where all architec-
ture layers are designed for accomplishing specific service
functionality from the top of the user inputs all way down to
the physical layer implementation. Even though the transport
mechanism can be changed currently beneath the application
level, the procedure is static and tied to predefined resources
and application instances initially configured to the system.

Hence there is a need for enhancing modularity and adap-
tivity of the software architecture in such a way that available
resources for the software unit and communications between
architectural modules can vary in time and the software pro-
gram code will interact with its surroundings and resources in
dynamical and adaptive way.

SUMMARY OF THE INVENTION

Now there has been invented a method and technical equip-
ment implementing the method, by which the above problems
are alleviated. Various aspects of the invention include a
method, an apparatus, a server, a client and a computer read-
able medium comprising a computer program stored therein,
for processing information in an apparatus having one or
more interfaces to one or more peripheral components, said
method comprising obtaining information about resources of
the one or more peripheral components from at least one
peripheral component, forming a policy basing at least partly
on the information about the resources of the at least one
peripheral component, forming a cost function basing at least
partly on the information about the resources of the at least
one peripheral component, determining an entry combination
of'the resources forming the cost function such that the entry
combination is at least in part compliant with the policy and
changing configuration of the apparatus to at least partly
comply with the determined entry combination.

DESCRIPTION OF THE DRAWINGS

In the following, various embodiments of the invention
will be described in more detail with reference to the
appended drawings, in which

FIG. 1a shows an example of an environment in which the
embodiments of the invention can be utilized;

FIG. 15 shows another example of an environment in
which the embodiments of the invention can be utilized;

FIG. 2 shows one embodiment of the invention in a flow
chart format;

FIG. 3 shows another embodiment of the invention in a
flow chart format;

FIG. 4 shows an example of an environment in which the
embodiments of the invention can be utilized;

FIG. 5 shows a basic procedure of dynamics according to
an embodiment of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

In the following, several embodiments of the invention will
be described in the context of dynamic multilayer adaptivity.
It is to be noted, however, that the invention is not limited to
the examples and clarifications presented here. In fact, the
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different embodiments have applications widely in any envi-
ronment where modular software architecture is used.

The need for multilevel dynamic application infrastructure
arises when a software program product undergoes signifying
alternation in the proximity environment that affects the cur-
rent tasks it is performing. One example may be a change in
a transport layer resource when user is watching streaming
video in portable device, and there occurs reduction in avail-
able bandwidth due to movement of the user moving outside
the range of high speed transportation provider like UMTS
network.

With high level generalization it may be said that the inven-
tion reveals an application switch process, where the appli-
cation is understood as a group of interoperable functional-
ities to produce the wanted end-user experience. The
application may also consist of several such interoperable
functionality groups and the switch process refers to
exchange between the groups.

FIG. 1a presents an architecture concept in which the
embodiments of the invention can be utilized. A device 130,
whose form is not restricted to any specific device type, but
what is shown here only for illustrational purposes as a hand-
held device, can be used to interact with an entity cloud 132 of
services and resources.

The device interaction can be of consuming kind of action,
meaning that the device will utilize surrounding services and
resources for carrying out tasks set by applications running in
it. The device interaction may as well be offering kind, where
the device 130 offers its resources to be used in the entity
cloud 132.

The cloud could be, for example, an open network such as
the Internet or some closed or semi-closed network like an
intra- or extranet. The cloud could be constituted as well with
higher abstraction level entities, for example with services
138 that are networked to each other and forming service
clusters that are further interacting each other.

The embodiments of the architecture can be manifold what
comes to the scale, and they can be implemented with
devices, groups of devices, services, groups of services, sub-
systems, groups of subsystems, clusters etc. depending on the
environment where embodiments are used. For simplifying
terminology, all these devices, subsystems, clusters etc. now
on are called peripheral components in the meaning that they
are in relation with device 130 by both providing services and
resources for use in device 130 as well as themselves capable
of utilizing services and resources offered by the device 130.
Device 130 and its peripheral components form here a net-
work of resources with equally treated members.

Now considering the architecture from device 130 point of
view, the peripheral components (devices, services, group of
them, etc.) can belong to premises in a near vicinity of the
device 130. The premises can be public or private, and they
can be equipped with appliances e.g. consumer electronics
devices like television/video display sets 136, video projec-
tors 140, audio receivers/amplifiers 142 and similar. Each of
the devices are equipped with data processing means like a
microprocessor and memory, that comprises a data structure
143 stored in the memory for utilizing the architecture in later
depicted way. The architecture may provide services 138 to
be used together with appliances 130, 136, 140, 142 in opti-
mal way.

The communication arrows in FIG. 1a are illustrative only
and do not present any actual communication use case. How-
ever, from FIG. 1a it can be seen that architecture allows each
resource in the area of interest to share their resources with
other units’ resources in equal manner. It is noteworthy that
appliances, premise resources and services form together net-
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work of systems with equal actors so that depending on one’s
needs, the right resources can be identified and utilized in
each resource consuming task.

The use of appliances is flexible, and they are used in the
content consuming chain with the extent common policies
and end-user indications allow. The set up of devices utilizing
the resources offered by the architecture is selected basing on
the information stored in the data structure 143, containing
usually the knowledge of the available properties in each of
the actors in the cloud 132. Each appliance that is imple-
mented according to the architecture has its own data struc-
ture 143 for listing properties it can offer for the cloud 132.
FIG. 1a presents that piece of peripheral components such as
130, 136, 140, 142 may work together as an infrastructure by
utilizing the connection means the architecture offers.

The infrastructure is not restricted to physical devices, but
as well as hardware the infrastructure may comprise service
elements offered by the operating network 132, as well as
environmental functions the physical environment of the
hardware 134 offers. Physical environment 134 can comprise
supply current, premise lighting, wired and wireless commu-
nication connections, air condition, etc. The rules given by
users and the limitations the physical environment sets to the
system are limiting the possible combinations to use
resources of the cloud. The system, i.e. the cloud and all
entities it contains, follows policies that are in their simplest
form a set of methods that indicate how particular resources
are selected from the cloud of resources and services.

FIG. 15 presents another possible software architecture
concept that can be regarded as a viable, but not only, possible
embodiment of an operating framework for the invention. Itis
basing on so called Network on Terminal Architecture
(NoTA) that is a service based interconnect-centric platform
architecture that is usable in various electronic apparatuses
including wired and wireless devices.

The interconnect-centric approach currently is applied
within single device having subsystems communicating
directly with other subsystems within the device by support-
ing multiple parallel connections. NoTA has been providing
only transport switch possibility within an application
instance, and has not allowed scaling of the properties of
application itself during changing conditions.

However, NoTA principles can be applied to cases which
could be described as inter-device NoTA cases. In inter-de-
vice NoTA the architecture allows any physical sub-system
like 102 residing for example in device A to directly commu-
nicate with other sub-systems residing in any other devices B,
C and D via network 106 while supporting multiple parallel
connections.

Direct connections are possible due to simple switches
optimized for the underlying physical media. Inter-device
NoTA interconnect architecture and related interfaces may be
complexity and performance optimized for service and data
communication, and may be designed in such a way that
different communication media technologies can be utilized.
As an example view of the inter-device NoTA architecture
reveals, NoTA architecture consists of subsystems 102 resid-
ing in devices A, B, C, . . . connected together via network
106.

In case subsystems reside within the same device, the sub-
systems can also be coupled together directly, as shown at
device D 104 in the FIG. 15. A coupled scenario exists in
cases where subsystems need to operate together on a fre-
quent basis. Subsystems are not similar to each other, but may
consist of varying number of service nodes (SN) 110 and
application nodes (AN) 108. They may further have behav-
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ioral roles like proactive nodes (PN), reactive nodes (RN) and
agent nodes (AG) depending on their needs to operate in a
particular application.

As an example function of the architecture, a scenario is
presented where device D is consuming resources from
device C. Device D is connected to device C via network 106
by using for example a bearer with connection speed 150
kilobits per second. Service node in subsystem 1 in device D
is in other words connected to service node 1 in device C with
connection 112. Device D notices that connection 114 with
better qualifications, like speed of 1 megabits per second, is
available in device C. The change of transport bearer triggers
the switching of service node from device D to use service
node 2 instead of node 1 in subsystem of device C.

Service node 2 may comprise also other parameters differ-
ent from ones the service node 1 provides. The rendering
means for consuming content may change, for example so
that the quality of consuming event will change drastically.
However, this does not mean that there is a need to re-estab-
lish application instance that consumes the content with the
new parameter set, but the existing application instance will
adapt to new parameters fluently.

The dynamically scalable architecture infrastructure
allows great variety of setups that carry out desired functions:
The possible setups extend from basic scenarios of intelligent
end user device consuming services from traditional network
to cases where both the intelligence of the system and calcu-
lation capabilities reside in the network nodes and the end
user device acts only as dummy terminal that is needed for
interfacing and orchestrating the value content produced by
the network.

It is possible that network service at hand utilizes web-
techniques that need information from other cluster of ser-
vices before the user can expect to experience results in his
device. Such network services could require e.g. calculation
and storage capabilities that would not be available in end
user devices. The architecture at hand allows scaling, so that
cluster of services can be regarded as one resource entity seen
by other entities in the system. The actor of the system can be
any entity in the architecture (i.e. not just the end user device),
but only if it fulfills the architecture definitions. Because the
resources of each entity in the architecture are available for
every member of the system equally, the orchestrating mem-
ber can reside somewhere in the cloud and user device acts
only as a dummy resource source for the rest of the system.

In one embodiment services are managing architecture
environment’s device pool in such a way that resources of
devices are fulfilling the needs of services. The service needs
may be aroused by new telecommunication operator services,
by third party service provider products, by end user device
manufacturers and similar.

This approach brings more control to cluster owners over
the end user device owners, and will among the other things
give new revenue models to service concept owners. The
clusters may include web shop elements, end user device
management functions like software update controls, web
shop content creating and control tools and similar. Depend-
ing on the degree of control that is given in the architecture to
a peer member in the realm the function of the peer can vary
from thin to thick client. Architecture does not determine the
intelligence of the peer member anyhow, but it is an imple-
mentation issue that needs to be decide case by case each
time.

In one embodiment user may have downloaded a video file
from network and is watching it from a handheld video ren-
dering device. Video clip may be coded with H.264/AVC,
MPEG-4, H.261, RealVideo, Xvid, OpenAVS or any other
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video codec, the handheld device being able to decode the
video clip and offer the audiovisual content to the user. The
video may be downloaded from a network server as a com-
plete package to the device, or it can be downloaded and
consumed as on-demand basis using streaming techniques
offered by the network.

The equipment the user is using could have for example
MPEG-4 codec and a display resolution of 240x320 pixels.
The device could also support for example stereo sound. The
user has started to watch the video outside of the premises,
while sitting on a bench in a nearby park, for example. Sud-
denly user remembers he has forgot to feed his cat, Fenix.
Since Fenix is very precise her feeding times, user decides it
would be better to return his premises and feed the cat before
it decides to do anything demonstrational. However, the film
he is watching is very attractive, and he continues watching it
while pacing back to home. User opens the front door of the
apartment and enters the kitchen. By peeking once a while the
screen of the handheld device user feeds Fenix the cat. Then
user moves to living room of the house since he wants to see
the rest of the video in bigger screen. His television supports
high definition television (HDTV) standard, and has in-built
intelligence in such a way that it can present electrical pro-
gram guides and run small sub-routine programs. In other
words the television device has some computing power and
inbuilt memory. User has also a consumer audio equipment,
which can decode different kinds of stereo and surround
sounds from variety of audio coding formats. As examples
these formats comprise Red Book compact disc standard,
WAV, AIFF, MP3, Vorbis, WMA, MP4, FLAC, etc. Decoder
device has also simple microprocessor and memory block
inbuilt, and it is possible for the consumer audio device to
perform simple program codes that are installed to its
memory block.

What user perceives next is the video he was watching with
the portable device is bound to his living room appliances,
and the portable device prompts whether the user wishes to
continue consuming the video content with resources offered
by the living room. If the user accepts the transfer, he contin-
ues seeing the video without any interrupts except the
prompted transfer dialog, whereas the properties of the con-
tent have been scaled to the living room resources: The video
resolution has changed to support HDTV capable display
device and the sound coding changed to support several sur-
rounding speakers and separate subwoofer. What has hap-
pened is a dynamic multilayered adaptation to new resources
offered by changed user environment.

As an embodiment FIG. 2 shows in a sequence chart format
a more detailed picture what actual happened in the previous
example: Involved in the actions there are present first of all
an on-demand video service (VS) 200, which could also be
some other network service, depending on the circumstances.
End-user’s mobile device (MD) 202 represents physical
device, as well as home appliances like HDTV 206 and home
theater receiver/amplifier 208. Moreover, the HDTV could be
any display unit that is equipped with capabilities of storing
and presenting information relating its internal status and
functional modes. It is also assumed that audio device has
enough intelligence for storing and presenting simple status
information. In the room there is also present a network 204,
which could be hosted at any device with any networking
technique. This means the network could be for example a
near field network, Bluetooth proximity network, WLAN or
similar. Video service 200 establishes a transport channel 210
with the mobile device 202. The transport channel may con-
tain streamed video content, user interaction related data etc.
The channel may be established with any communication
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mechanism that suits for the aroused needs. The video player
application used in mobile device 202 is installed only locally
to the device 202, and it is not tied to any specific network
service or content provider. Hence the player can be used
wherever user is moving.

While streamed content is consumed, for example, the
sub-routines of the mobile device 202 perform search func-
tions, which monitor the surroundings of the device and mark
up to a book keeping table which transport mechanisms are in
use and which transport mechanisms could be used, what is
the load of the processor at that moment, what data formats
are supported, what data formats are available from other
proximity devices, what kind of interfaces are active, etc. In
short, the device is aware of'its surroundings by itself or based
on shared information, regarding its current configuration.
Similar manner sub-routines of other actors like HDTV 206,
audio 208 and even service 200 in the functional environment
keep track of their internal state and surroundings by recog-
nizing meaningful changes there. They also update their book
keeping tables accordingly and are ready to provide or con-
sume resources and services when resource economy so dic-
tates.

The mobile device 202 connects to the network 204 by
using one set of possible multiple connection parameter sets
found in the search phase 212. The selected transport mecha-
nism may require exchanging of initial messages before the
actual data transmission can take place, and a procedure
called handshaking 220 between mobile device 202 and the
network 204 may be required. In the handshaking phase the
mobile device 202 and the network 204 negotiate the connec-
tion parameters within the selected communication method.
These parameters may include, but are not limited to, an
information transfer rate, coding alphabet, parity, interrupt
procedure and other protocol and hardware features. The
hardware features may include further the information of the
capabilities within the space the networked appliances form.
The book keeping table of the connecting mobile device 202
is shared 222 in the sharing phase with the entire network 204.
Same time the mobile device 202 becomes aware of the
capabilities of the already networked devices by receiving the
information of present capabilities announced in the tables of
the networked devices. The mobile device 202 updates in 214
its book keeping table for complying with the capabilities of
its present surroundings, and takes actively these new param-
eters into account when calculating most advantageous opti-
mization alternatives for performing its functions.

The capabilities of the entire network is revealed in the
search and handshaking process for the connecting mobile
device and on the other hand the network 204 also learns the
capabilities and services the mobile device 202 provides. The
result of this is that the mobile device 202 can be offered by
the network to proceed its current operational state with
resources borrowed from other networked entities with more
favorable user experience or more effective data processing
capabilities. Also the negotiations may open up totally new
ways to use the device. The recognition of the device 202 may
enable the automatic downloading of the optimal parameter
settings for the devices forming the proximity environment of
the device. The suitable drivers for the proximity connected
devices may be downloaded from the data servers of the
manufacturers of the networked home appliances for best
user experience in that space. The parameter sets may also be
made available in an internet service, where users may them-
selves rate parameter sets for their applicability to certain
setups. The automatic downloading may recognize user’s
preferences and choose for downloading the best rated setup
fulfilling the user’s needs.
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The downloading of setup information from network is
only one option in the variety of functionalities the proximity
network offers. The proximity network itself may consist of
several possibilities to carry out actions and services the
mobile device 202 is performing or is going to perform in near
future. The book keeping mechanism 214 provides also
means for evaluating at 224 the sets of parameters and to
select the most favorable set in the light of user defined
preferences.

When the mobile device 202 is aware of'its surroundings, it
can select from the book keeping table one of the parameter
sets corresponding best to its needs. After the evaluation of
the available resources 224 the mobile device 202 knows it
has a HDTV capable display device 206 in its vicinity as well
as a home theater receiver/amplifier 208 for presenting sound
information because these appliances have also made their
capabilities available by publishing their information via
book keeping table’s of their own. The mobile device 202
starts hand shakings 226 with the display device 206 and the
home theater receiver/amplifier 208 for finding out the sup-
ported content coding methods and communication proto-
cols. It is not required, nor needed for the mobile device to
know all details of the forthcoming stream used by joining
components. The exchange of information in handshaking
226 is based on hierarchical book keeping; information that is
relevant to each member of the system is exchanged respec-
tively between these members of the system so that the
change in the control of the service can happen smoothly. The
exchanged information may offer a control point of the ser-
vice and system functionality to the end user device, it may
offer the control point to another device in the system, or the
exchanged information may otherwise help the involved
devices to adjust themselves to the operation of the rest of the
system.

When the mobile device 202 has found and negotiated the
connection parameters that can be used for continuing the
ongoing consumption of the content, the display device 206
and the home theater receiver/amplifier 208 are both readied
in 228 to take care of the responsibility of showing the content
of the streamed video. In book keeping table level the book
keeping table of the mobile device 202 indicates that the
functionality for showing video content to the user has
recently got one alternative parameter set with HDTV quality
video and full surround sound.

Mobile device 202 bypasses a source information for
example with a smart pointer or a handle to the display device
206 and the home theater receiver/amplifier 208. The devices
find the right content from the source content provider by
using the handle, and may start exchanging further informa-
tion of variables, formats, operations and functionalities
between content provider and themselves in 230.

The user valued preferences indicate that the properties of
bigger screen and surround sound are highly valued by the
user, and hence the use of the newly found parameter set
would be a very good candidate to change with. When details
of newly formed consuming chain from the source content
provider, the video service 200, to the display device 206 and
the home theater receiver/amplifier 208 devices are
exchanged, the user may next be asked whether the change of
content presenting means to newly found set is acceptable for
example by prompting a dialog box to the user interface level
in 232.

When the switch confirmation is retrieved from the user,
the responsibility to show video stream content from the
video service 200 is transferred in step 234 to the display
device 206 and the home theater receiver/amplifier 208. At
the same time the book keeping tables are updated in each
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device accordingly to comply with the new situation. The
responsibility to present the content is shown with bars 240 in
the FIG. 2, where the mobile device is first involved to the
chain but later on dropped from the chain when streamed
video goes directly from video service to new presenting
devices 206 and 208. In 216 and 218 the display device 206
and the home theater receiver/amplifier 208 may receive con-
tent from the video service 200 beforehand, so that content
can be buffered to these devices for ensuring the quality of the
user experience.

After the application switch 234 the mobile device 202 is
dropped from the middle and the mobile device 202 updates
its book keeping table to correspond to the new situation. The
mobile device 202 may continue to be in a backup mode, and
later it is also possible to switch the presentation responsibil-
ity back to the mobile device 202 (action not shown in the
figure) by using similar kind of handle that was used earlier
for expanding presentation to more powerful devices. A situ-
ation may arise where the user needs to leave premises and
still wants to continue the consuming of the content.

It is also possible to switch the presentation back to the
mobile device 202 by detecting the changing factors in states
of the conditions in reach of the system. In this case for
example while using home appliances for entertainment, user
may switch on the video service application in his hand held
device and wish to continue consumption of the video content
in it while he leaves the room where appliances reside.

Detection of changed factors in both service and space
around the system will cause re-calculations of the cost func-
tions in the environment around involved entities, and if better
suiting parameter set for consuming video service on the fly is
available resources will be utilized in newly manner.

In another embodiment, in FIG. 3 is presented a sequence
chart in case where a home entertainment system 306 is
receiving the responsibility of showing streamed video con-
tent 310 instead of the mobile device 302. The home enter-
tainment system may be for example an integrated media
server, that can be used to control all home entertainment
devices together, a game console with extended entertain-
ment capabilities such as a media/disc player capability, vari-
ous wired/wireless interfaces, an Internet connection, etc., or
some other device with similar capabilities. A video service
(VS) 300 is used as an example provider of the consumed
content.

It is assumed that the home entertainment system 306 has
enough intelligence for storing and presenting simple status
information. In the space there is also present a network 304,
which could be hosted at any device with any networking
technique. When the content is consumed in the mobile
device 302, video service 300 establishes a transport channel
310 with the mobile device 302. The transport channel may
contain streamed video content, user interaction related data
etc. The channel may be established with any communication
mechanism that suits for the aroused needs. The video player
application used in mobile device 302 is installed only locally
to the device 302, and it is not tied to any specific network
service or content provider. Hence the player can be used
wherever user is moving.

While streamed content is consumed, for example, the
sub-routines of the mobile device 302 perform search func-
tions 312, which monitor the surroundings of the device and
mark up to a book keeping table which transport mechanisms
are in use and which transport mechanisms could be used,
what is the load of the processor at that moment, what data
formats are supported, what data formats are available from
other proximity devices, what kind of interfaces are active,
etc. In a similar manner sub-routines of the home entertain-
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ment system 306 and service 300 in the functional environ-
ment keep track of their internal state and surroundings by
recognizing meaningful changes there. They also update their
book keeping tables accordingly and are ready to provide or
consume resources and services when resource economy so
dictates.

The mobile device 302 connects to the network 304 by
using one set of possible multiple connection parameter sets
found in the search phase 312. The selected transport mecha-
nism may require exchanging of initial messages before the
actual data transmission can take place, and a procedure
called handshaking 320 between mobile device 302 and the
network 304 may be required. In the handshaking phase the
mobile device 302 and the network 304 negotiate the connec-
tion parameters in a similar manner as in previous embodi-
ments.

The book keeping table of the connecting mobile device
302 is shared in the sharing phase 322 with the entire network
304. At the same time the mobile device 302 becomes aware
of'the capabilities of the already networked devices by receiv-
ing the information of present capabilities announced in the
tables of the networked devices. The mobile device 302
updates in 314 its book keeping table for complying with the
capabilities of its present surroundings, and takes actively
these new parameters into account when calculating most
advantageous optimization alternatives for performing its
functions.

Inthis embodiment, the capabilities of the entire network is
revealed in the search and handshaking process for the con-
necting mobile device 302 and on the other hand the network
304 also learns the capabilities and services the mobile device
302 provides. The result of this is that the mobile device 302
can be offered by the network to proceed its current opera-
tional state with resources borrowed from other networked
entities with more favorable user experience or more effective
data processing capabilities. Also the negotiations may open
up totally new ways to use the device. The recognition of the
device 302 may enable the automatic downloading of the
optimal parameter settings for the devices forming the prox-
imity environment of the device. The suitable drivers for the
proximity connected devices may be downloaded from the
data servers of the manufacturers of the networked home
appliances for best user experience in that space. The param-
eter sets may also be made available in an internet service,
where users may themselves rate parameter sets for their
applicability to certain setups. The automatic downloading
may recognize user’s preferences and choose for download-
ing the best rated setup fulfilling the user’s needs.

The downloading of setup information from network is
only one option in the variety of functionalities the proximity
network offers. The proximity network itself may consist of
several possibilities to carry out actions and services the
mobile device 302 is performing or is going to perform in near
future. The book keeping mechanism 314 provides also
means for evaluating at 324 the sets of parameters and to
select the most favorable set in the light of user defined
preferences.

When the mobile device 302 is aware of'its surroundings, it
can select from the book keeping table one of the parameter
sets corresponding best to its needs. After the evaluation of
the available resources 324 the mobile device 302 knows it
has a home entertainment system 306 in its vicinity since this
appliance has also made its capabilities available by publish-
ing the information via a book keeping table of its own. The
mobile device 302 starts hand shaking 326 with the home
entertainment system 306 for finding out the supported con-
tent coding methods and communication protocols.
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When the mobile device 302 has found and negotiated the
connection parameters that can be used for continuing the
ongoing consumption of the content, the home entertainment
system 306 (or game console etc.) is readied in 328 to take
care of the responsibility of showing the content of the
streamed video.

Mobile device 302 bypasses a source information for
example with a smart pointer or a handle to the home enter-
tainment system 306. The home entertainment system 306
finds the right content from the source content provider by
using the handle, and may start exchanging further informa-
tion of variables, formats, operations and functionalities from
content provider in 330.

The user valued preferences indicate that the properties of
bigger screen and surround sound are highly valued by the
user, and hence the use of the newly found parameter set
would be a very good candidate to change with. When details
of newly formed consuming chain from the source content
provider 300 to the home entertainment system 306 is
exchanged, the user may next be asked whether the change of
content presenting means to newly found set is acceptable for
example by prompting a dialog box to the user interface level
in 332.

When the switch confirmation is retrieved from the user,
the responsibility to show video stream content from the
video service 300 is transferred in step 334 to the home
entertainment system 306. Same time the book keeping tables
are updated in both devices accordingly to comply with the
new situation. The responsibility to present the content is
shown with bars 340 in the FIG. 3, where the mobile device is
first involved to the chain but later on dropped from the chain
when streamed video goes directly from video service to new
presenting device 306. In 316 the home entertainment system
306 may receive content from the video service 300 before-
hand, so that content can be buffered for ensuring the quality
of the user experience.

After the application switch 334 the mobile device 302 is
dropped from the middle and the mobile device 302 updates
its book keeping table to correspond to the new situation. The
mobile device 302 may continue to be in a backup mode, and
later it is also possible to switch the presentation responsibil-
ity back to the mobile device 302 by using similar kind of
handle that was used earlier for expanding presentation to
more powerful devices.

For better understanding the possibilities the resource
based optimization offers, yet another embodiment is pre-
sented in FIG. 4, where the control of delivering content to a
mobile device 400 may reside on the content providing ser-
vice side 402. All elements are networked to each other with
some networking technology 4001 such as satellite, cellular,
wireless local area networks, infrared communications etc. A
network element that provides the consumed video content
(Video service 404) may be connected to another network
element 406 that keeps track on the movements of mobile
device 400. The network elements together decide what con-
tent format is best suited to environment where mobile device
400 resides at each moment. If network elements recognize
the connection capabilities within proximity of mobile device
400 seem to change so that better speed for retrieval is
achieved, the mobile device 400 may be forced to change the
transport mechanism to one that enables better speed.

As well if content providing server 404 deduces by help of
GPS tracking server 408 or some other location resolving
service that in vicinity of mobile device 400 there are also
video rendering and playing appliances 410 that can provide
significant improvement to user experience, the network
server 406 may alter the parameters of source stream, and
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force the video content presentation played in the mobile
device 400 to switch to use the more powerful devices.

The user may be prompted whether he found the change
desirable, but the mobile device 400 need not to do compu-
tations or other efforts to discover new presentation possibili-
ties, since those are already done and now only offered to the
mobile device 400 by the content providing service 402.

The enabling technology beneath the described function-
ality is a specific modular software architecture infrastructure
that allows a creation of a mechanism to observe surround-
ings and entities of the actors in the system by aid of sensors,
messages conveyed via internal interfaces, user input appli-
ances and similar. The quantities derived from these impulses
are monitored and stored and used in the infrastructure for
decision making purposes. The infrastructure is capable for
producing in companion with the user a policy model and a
budget that indicates what are the limits of the actions the
policy allows. The actor of the system reacts to information
the policy control announces to it, and changes its behavior
accordingly.

The budget is drawn up usually by help of the user, but
several quantities may be monitored internally with routines
of'the entities of the system themselves and appropriate inter-
pretations of readings in light of determined budget policy
can be done user-independently.

This may result to changes in system’s functionality and
perceived user experience. User may want to emphasize one
measured quantity over others, and in that case budget is
drawn up based on that quantity.

Same time hidden user-independent adjustments may be
performed based on that information. There may be for
example a need to maximize the time the battery can produce
energy to the system or maximize the time the device can
orchestrate the functionality of the system in cases where the
system consists of elements that are not all in the same device.

User may have indicated his willingness to reduce some
functionalities of the device in which the system is running. It
is possible that if the user is watching a streaming video,
system reduces the decoding power at some point by chang-
ing from using HDTV video codec to a MPEG 4 video codec.
The display brightness may also be affected, as well as some
lower valued network services that might be used at the same
time. For example, the connection to a mailbox might be
disconnected if user’s primary usage with the current usage
policy is set to video watching with as long lasting battery life
as possible.

The system reads information from its surroundings via
interfaces to a data structure referred as a table. Information
collecting procedure is like book keeping; the system is aware
of interfaces it has, and can recognize and analyze data trans-
ferred through them. The scalability of the system is notewor-
thy here; the system interfaces can be like interfaces between
server clusters like location resolving network cluster and
end-user internet application providing service. The system
can be of any size, e.g. a small scale arrangement of hand held
device and its surrounding resources. As its smallest, the
system can be a single appliance consisting of software sub-
systems.

For a system consisting of an appliance and peripheral
components, there may be for example interfaces for a user
input device like a keyboard, touch display, or similar for a
user to enter information to the device, the interface may
receive data from a temperature sensor, a haptic sensor, a
position sensor, accelerator sensor, optical sensor, opto-
chemical sensor, radio antenna etc. The interfaces may be
very diverse and the collected information may be anything
that can be detected with technological means. The mecha-
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nism how information from the interfaces is collected may
vary. The device may handle mapping of the information to
the adaptive resource table internally.

There may also be for example a specific service element in
the system that collects the information. The element needs
not to be in the same physical device as the information
collecting interfaces are located. Based on the detected infor-
mation, the service element can evaluate the resources lying
behind the data. One possibility is that the service element
provides means for guiding the usage of the identified
resources in the system. It is possible that the user device that
is used primarily for desired action is not capable of utilizing
surrounding resources by itself in full potential due to for
example some scaling issues. On the other hand, the service
element may have capable powers or it may be connected
further to elements capable of controlling and coordinating
found resources.

Since interfaces, and peripheral components with
resources behind them, are monitored continuously, system
knows on each point of time what resources it can use. System
collects information of these resources to the data structure of
a table. The filling of the resource table is not restricted only
to observations of physical quantities. They can also be other
features and properties concerning the system. System may
mark up to the table a capacity information of the system and
different alternatives of using combined properties of the
present features. From at least these pieces of information the
system deduces so called cost function information relating to
different alternatives the system has. Some combinations of
these pieces are more expensive for the entirety than others.
Cost functions may be constructed in many different ways;
they may be mathematical functions, conditional functions,
they may be constructed with adaptive resource tables etc.
However, cost functions have always some dependency with
properties of the system and they measure the tradeoff
between gain and the corresponding cost of system’s func-
tionality.

In simplest form the system may have a resource table
presenting its communication and processing capabilities
from different transportational and operational points of
views: Table may have entries indicating for example that the
system connects to its proximity space with Bluetooth con-
nection with speed of 3 megabits per second, it also has
802.11 WLAN connection with current speed of 32 megabits
per second, latency of 200 ms and throughput reliability 96%,
it has MPEG-4 codec, its processor’s temperature is 53
degrees Celsius, its battery is 73% full, and it is capable of
producing virtual surround sound. The system sums up dif-
ferent entry combinations and forms for each connection type
cost functions with entry combinations separately and places
them to the table as well.

Cost functions are real time functions and their parameters
change same time as the system’s state changes. For perform-
ing a characteristic task for a device, e.g. providing a data
connection to a remote server, the system may have several
combinations and configurations of the parameters in the
table at the same time which all lead to desired functional
outcome, the only difference being the used set of the prop-
erties. The system’s processing capabilities are evaluated and
processing may be scaled and transferred within the compo-
nents of the system so that the best utilization of this infor-
mation is achieved. This may result for example in transfer-
ring some high load video encoding computation to a network
instead of processing data locally in the user device. The
transfer of data to the calculation entities is continuous, mean-
ing that selection of the processing place is done one by one
for each cost functions. This way processing can be distrib-
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uted between network resource and local user device in very
flexible way. Possibilities vary from true thin client to full rich
client, depending on the cost functions selected to produce the
desired action. The mechanism behind the selection of best
utilization setup is an optimization process. System’s active
cost functions are monitored continuously and the local mini-
mum is calculated from each function. Whenever a cost func-
tion’s local minimum is achieved system checks if found
optimized setup provides better outcome with the desired
parameters than the currently used cost function. If found
minimum cost overcomes current function selection, the sys-
tem changes its state so that most favorable setup can be
switched on. Sometimes the change requires user confirma-
tion, but in many cases system can change its functional
working pattern without surfacing the decision making to the
user level. Finding of local minimum cost can be in its sim-
plest form only a filtering over the resource table with right
filter or performing some other matching against user prefer-
ences or sensor data. However, in some cases finding local
minimum does not yield the best results to system’s point of
view. In those cases some other mechanisms for finding opti-
mal resources should be used.

For providing accurate and real time optimization results, it
is important to maintain book keeping information up to date.
Also there needs to be agreed a policy that comprises condi-
tions and rules which trigger the system to turn to use a certain
cost function. Policy is monitoring the set of properties from
the table. The policy is drawn up from user-initiated wishes of
how the system is expected to behave in different situations.
The policy also needs a budget that sets a frame to which
environmental and system’s internal conditions and
resources set boundaries.

One embodiment may occur in a system that can decode
high compressed video data and provide it for viewing via
some display unit. The book keeping table may indicate that
MPEG4 codec is available and system’s processing unit’s
internal temperature is e.g. 56 Celsius degrees. The budget for
such a system may indicate that the highest allowed tempera-
ture is 70 Celsius degrees. Now the user may want to charge
the battery same time he watches the video file. The policy
monitors the temperature of the processing unit, as well as the
limits budget sets to the highest allowed temperature. When
charger is connected, policy notices that the charging rises the
temperature of the processing unit, till it reaches the budget’s
highest allowed value. Depending on the policy settings user
may have set for the system, the system may abort the charg-
ing and play the video as long as there is any energy left in the
battery, or the system may continue charging process but at
the same time reduces the processor load by switching to a
lighter coding scheme. Each of these possibilities has its own
cost functions, and the action the system finally selects to
perform depends on the preferences the policy knows, inher-
ently given by a user or by monitoring the former favor of
available cost functions.

One embodiment is drawn from the situation where a
device has book keeping table indicating that the device is
currently connected to high speed data network like wired
Ethernet with physical connection, WLAN, WCDMA or any
connection which can fulfill requirements set by TCP/IP net-
working scheme. The book keeping table also indicates that
the device has capabilities for providing video calls to a user.
The video call application, such as Skype or similar, is using
first the full potential of the network capabilities and provid-
ing high definition image and high quality voice to the user. It
is possible that the user moves during the call to place where
TCP/IP capable connections are not available anymore, but a
Bluetooth connection to a nearby computer is available and
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hence connection to Internet is still possible. The cost func-
tions in the book keeping table now give several possibilities
for the application to react. One cost function in the table may
indicate that system has fast Ethernet connection and band-
width-demanding video and voice compression algorithms in
use, the current battery drain is 30 milliamperes and that
current will dry out the battery capacity within next hour.

Another cost function may indicate that newly reached
Bluetooth connection is providing a connection with speed of
3 Mbytes and another less power-demanding voice codec is
available. System has also built-in priority list as part of
policies which contains basic prioritization rules indicating
which functions of the device are essential and which ones
can be sacrificed for maintaining functions higher in the pri-
ority. For example maintaining rich communication enabler
blocks may override the use of entertainment audio player
blocks, and maintaining basic communication connection
block, like GSM radio interface, overrides rich communica-
tion connection functions, like video call enablers. In this
embodiment it is possible that the system is first connected to
WCDMA network with radio interface. The system monitors
the connection quality availability and notices that it is not
possible to maintain high speed video call via video call
application anymore because the bearer signal is weakening
continuously. This way the cost function for still using the
WCDMA bearer is becoming unfavorable. The cost function
containing Bluetooth bearer is providing affordable connec-
tion, but capabilities for providing video call functionality
would be vanished together with WCDMA connection. Book
keeping table contains information of the throughput capacity
of the Bluetooth connection.

On the other hand the book keeping table contains infor-
mation how much resources are required by other alternative
communication means within the video call application and
what alternative choices there are for resource allocation.
Such choices comprising for example a change to another
video stream codec having better packing ratio but heavier
computational requirements, a capability of load balancing
between terminal and server device for adjusting the location
where calculations are performed, reallocation of tasks for
ensuring release of capabilities for key processes, Ul optimi-
zation e.g. by altering the size of the application window
according to the load of the computation resources, switching
to plain voice communication, using only real time instant
messaging extension, switching to SMS messaging, etc.

It is possible that the system in the absence of chance to
continue with the video call calculates a new optimum for
maintaining communication capability between call partici-
pants, and ends up with a result where video call connection
may be continued, but with the cost of losing voice connec-
tion due to load issues of the user device. The best available
cost function may contain only video call application’s
instant messaging being cost efficient enough for carrying on
under the new circumstances the device has entered. Video
call application notices the change in the used cost function
scheme and prompts to the user a warning that conditions
have changed so that also the connection type needs to be
changed. The application stays active and responsive all the
time when activating instant messaging subroutines and shut-
ting down the video service within the same runtime instance.
The perceived user experience is such that the open video call
changes to an instant messaging session seamlessly, without
stopping the communication application.

In another embodiment a user is consuming a streamed
video content with a portable device. The device uses a
WLAN connection for making transport connection to an
internet server providing the video content. The device may
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contain a latest H.264 video codec as well as alternate video
codecs with lesser hardware requirements. The device uses
advanced charging services, which means that it can recog-
nize chargers in its instance vicinity and also actively monitor
its internal battery state. The book keeping table inside the
device keeps track on and keeps up the table with all these
capabilities. It also has an entry containing position informa-
tion obtained from a satellite position chip like GPS installed
on the device.

An advanced optimization algorithm may calculate an
optimum from the cost functions and further surface the cost
functions having best capabilities for maintaining the con-
sumption of streaming video content. The key parameters that
are optimized may be for example parameters affecting to the
maintenance of the streaming video capable connection,
parameters affecting the battery consumption, listed available
video codecs, the geographical position of the device and
known services located there, etc.

In the example the device notices it is moving to country-
side using a familiar road. The device concludes from the
previous route information that it is highly probable that the
user is going to the summer house he visited several times last
year. The book keeping table contains information of the
charging frequencies of the battery in certain geographical
positions as well as the density of charging services in those
positions. Using that information device draws up a conclu-
sion that the energy is not freely available in the destination
location, and hence it changes its behavior to follow a power
saving cost function that surfaced in the optimization calcu-
lations. According to that, device dims its display brightness
remarkably and reduces the power used in the video decoding
by starting to use a lighter video codec. The device may also
prompt the user to charge the battery as soon as it recognizes
the presence of a suitable charger.

Reference is now made to FIG. 5, which provides a view to
a basic procedure of book keeping and optimization that the
architecture is performing during its operation. In the book
keeping phase the features and properties of the system
defined with the design factors used in the architecture in
question, are marked up to a data structure called a table. The
book keeping phase 502 monitors the alternative possibilities
and capacities offered for the use of the device implementing
the architecture. The cost calculations for each possibility are
stored to the table, and updated in real time when a change to
the conditions of the system takes place. The updating of the
table happens at 512 independently from other proceedings in
the procedure chain. The optimization 504 over the complete
processing chain may happen in respect to device in general.
The optimization aims to maximize the benefit for the whole
device the system is implemented in. This may include some
physical limitations the used materials for components of the
device may set. The system uses internal measurement data
for retrieving the real-time information regarding this and
performs optimization based on the measure data on the one
hand and on the other hand to policies indicating the limita-
tions of the construction. The optimization is a continuous
process, 514, and happens all the time the system is active and
reflects to the real-time situation the system encounters at
each point of time.

The optimization 504 may also be carried out from the
communication point of view. The optimization may search
the best possible communication method available for the
device implementing the system. As the host device may have
several communication interfaces active simultaneously, the
optimization process tracks on the properties of the connec-
tions and calculates the optimum for each parameter.
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It is also possible that the user preferences dictate which
properties of the system are used and when: The user prefer-
ences may not be the most optimal way to carry out the task in
some set ups, but if the user has indicated the desired set of
functions of the system in a particular situation, the system
follows that path.

Although the system can act independently without user
guidance, there may be situations where the capability to
show messages on user interface level is valuable. There may
be coupled an editing interface to the system, where user can
make selections which property combinations are taken to
use. The user interface may give to user a final decision power
whether the change is acceptable or not. When user input is
desired before the system setup changes, there may also be
visual/audio indication in the participating devices forming
the system before the change of the system configuration
takes place so that user can be sure the right devices are taken
in.

Another possible optimization aspect may be power opti-
mization, meaning that the system keeps on calculations
which ways of carrying out a task are most favorable to the
lifetime of the system. It is evident that the optimization
parameters are not limited to the presented ones, but there are
in fact several other aspects which can be used as a basis for
optimization calculations in a system like the depicted one.

In the reconstruction phase 506 the chain for producing
application facility is partitioned and reconstructed to follow
the newly optimized set of software components. When the
reconstruction is established, switching of the application
may take place 508. The switch is dynamic and may be
sensitive regarding the user experience in such a way that it
does not set any extra trouble to the user. The switching phase
is also the last possible state where the change to the new
environment can still be cancelled. After the processing envi-
ronment has been switched to another, the book keeping table
is updated at 510 to correspond with the new situation. The
process returns to its beginning in 516, where the book keep-
ing is carried out. It is noteworthy that the book keeping does
not have to be an active process; it can happen as well by
sharing previously collected data with new entity entering the
proximity space.

In another embodiment user is coming home from a con-
cert in the evening and he has bought the band’s latest album
from the concert staff at the gates of the concert hall. The
album is in digital format, and the user is able to download it
from the source media to his personal portable device and
start listening to it right away. When user finally wanders to
his stairway and to right floor, the portable device is recog-
nized by the environment in his apartment. The environment
consist of among the other things, the home audio equipment
of the user.

The cost function calculations carried out from the envi-
ronment point of view reveals that user may experience best
possible music consuming experience if the play is trans-
ferred to the home equipment of the user. The home audio
equipment is ready to receive the content and about to start
playing music. The system has, however a policy from the
user that the transfer of playing music content is not executed
if the time is between 10 pm and 8 am. All involved devices
learn this rule and current time, and the transfer is ceased.
User listens to the record till its last song with his personal
device, and falls asleep happily.

The various embodiments of the invention can be imple-
mented with the help of computer program code that resides
in a memory and causes the relevant apparatuses to carry out
the invention. For example, a terminal device may comprise
circuitry and electronics for handling, receiving and transmit-
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ting data, computer program code in a memory, and a proces-
sor that, when running the computer program code, causes the
terminal device to carry out the features of an embodiment.

As an example, in the terminal, the processing of the data
may happen in ASIC circuitry. It is possible as well that the
processing takes place in the CPU of the terminal device.
Further, the terminal device may have arrangement to use
haptic input/output device. Yet further, a network device may
comprise circuitry and electronics for handling, receiving and
transmitting data, computer program code in a memory, and a
processor that, when running the computer program code,
causes the network device to carry out the features of an
embodiment. The processing entity in the network device
may be a ASIC circuitry of the network device or a generic
CPU circuitry or some other appropriate circuitry. Still fur-
ther, both a terminal device and a network device may both
comprise circuitry and electronics for handling, receiving and
transmitting data, computer program code in a memory, and a
processor that, when running the computer program code,
causes both network and terminal devices to carry out a sets of
the features of an embodiment.

There may also be several peer devices forming the system
all of them comprising circuitry and electronics for handling,
receiving and transmitting data, computer program code in a
memory, and a processor that, when running the computer
program code, executing the embodiments of the invention. It
is also possible that only some of the devices forming the
system have powerful enough circuitry and electronics to
perform required functionality, but other devices with lesser
computing capabilities are in such cases submitted under
these master devices and will provide their resources to the
system only as sources.

As another example, a computer program product is pro-
vided that is stored on a computer readable medium and
executable in a data processing device. The computer pro-
gram product includes a computer program code section for
obtaining information about resources of one or more periph-
eral components from at least one peripheral component. The
computer program product also includes a computer program
code section for forming a policy basing at least partly on the
information about the resources of the at least one peripheral
component. Additionally, the computer program product
includes a computer program code section for forming a cost
function basing at least partly on the information about the
resources of the at least one peripheral component. Further,
the computer program product includes a computer program
code section for determining an entry combination of the
resources forming the cost function such that the entry com-
bination is at least in part compliant with the policy. Finally,
the computer program product includes a computer program
code section for changing configuration of the apparatus to at
least partly comply with the selected entry combination.

The computer program product may also include a com-
puter program code section for storing said information into a
memory being in functional connection with the apparatus
and a computer program code section for linking information
in the memory regarding to a property it belongs to. Further,
the computer program product may also include a computer
program code section for forming one or more cost functions
by using the collected information within a property with
respect to resource variables within said property and a com-
puter program code section for arranging at least partly an
optimization of said cost functions regarding to selected
property.

It is obvious that the present invention is not limited solely
to the above-presented embodiments, but it can be modified
within the scope of the appended claims.
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The invention claimed is:

1. A method for processing information in an apparatus
having one or more interfaces to one or more peripheral
components, said method comprising:

obtaining information about resources of the one or more

peripheral components from at least one peripheral com-
ponent;

forming a policy based at least partly on the information

about the resources of the at least one peripheral com-
ponent;

forming a cost function based at least partly on the infor-

mation about the resources of the at least one peripheral
component, wherein the cost function is configured to
measure a tradeoff between gain provided by use of the
at least one peripheral component and a corresponding
cost to system functionality as a result of the use of the at
least one peripheral component;

determining, with a processor of the apparatus, an entry

combination of the resources four ing the cost function
such that the entry combination is at least in part com-
pliant with the policy; and

changing configuration of the apparatus to at least partly

comply with the determined entry combination.

2. A method according to claim 1, further comprising:

storing said information into a memory being in functional

connection with the apparatus; and

linking information in the memory regarding to a property

it belongs to.

3. A method according to claim 1, where boundaries of
acceptable values of resource variables retrieved via said
interfaces are derived from the formed policy.

4. A method according to claim 1, further comprising:

forming one or more cost functions by using the collected

information within a property with respect to resource
variables within said property; and

arranging at least partly an optimization of said cost func-

tions regarding to selected property.

5. A method according to claim 1, further comprising:

identifying a minimum of the cost function; and

checking that said minimum of the cost function provides
for an improved outcome relative to the cost function
currently used.

6. A method according to claim 5, further comprising:

providing the properties of the found cost function mini-

mum to the apparatus for approval; and

updating the information in the memory to follow the

changed properties.

7. A method according to claim 1, where one or more
formed cost functions are adaptive resource tables.

8. A method according to claim 1, where the peripheral
component is at least one of the following: user interface,
haptic feedback circuit, acceleration sensor, optical sensor,
position sensor or radio antenna.

9. An apparatus having one or more interfaces to one or
more peripheral components, the apparatus comprising a pro-
cessor, and memory including computer program code, the
memory and the computer program code configured to, with
the processor, cause the apparatus to perform at least the
following:

obtain information about resources of the one or more

peripheral components from at least one peripheral com-
ponent;

form a policy based at least partly on the information about

the resources of the at least one peripheral component;
form a cost function based at least partly on the information
about the resources of the at least one peripheral com-
ponent, wherein the cost function is configured to mea-
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sure a tradeoff between gain provided by use of the at
least one peripheral component and a corresponding
cost to system functionality as a result of the use of the at
least one peripheral component;

determine, with the processor executing computer program

code stored by the memory, an entry combination of the
resources forming the cost function such that the entry
combination is at least in part compliant with the policy;
and

change configuration of the apparatus to at least partly

comply with the determined entry combination.

10. An apparatus according to claim 9, where processing of
said information is done on an application specific integrated
circuit (ASIC) circuit.

11. An apparatus according to claim 9, where processing of
said information is done on central processing unit circuit.

12. An apparatus according to claim 9, further comprising
computer program code configured to, with the processor,
cause the apparatus to perform at least the following:

store said information into a memory being in functional

connection with the apparatus; and

link information in the memory regarding to a property it

belongs to.

13. An apparatus according to claim 9, further comprising
computer program code configured to, with the processor,
cause the apparatus to perform at least the following:

form one or more cost functions by using the collected

information within a property with respect to resource
variables within said property; and

arrange at least partly an optimization of said cost func-

tions regarding to selected property.

14. An apparatus according to claim 9, further comprising
computer program code configured to, with the processor,
cause the apparatus to perform at least the following:

identify a minimum of the cost function; and

check that said minimum of the cost function provides for

an improved outcome relative to the cost function cur-
rently used.

15. An apparatus according to claim 14, further comprising
computer program code configured to, with the processor,
cause the apparatus to perform at least the following:

provide the properties of the found cost function minimum

to the apparatus for approval; and

update the information in the memory to follow the

changed properties.
16. An apparatus according to claim 9, where the periph-
eral component is at least one of the following: user interface,
haptic feedback circuit, acceleration sensor, optical sensor,
position sensor or radio antenna.
17. An apparatus comprising:
means for obtaining information, with a processor of the
apparatus, about resources of one or more peripheral
components from at least one peripheral component;

means for forming a policy, with the processor of the appa-
ratus, based at least partly on the information about the
resources of the at least one peripheral component;

means for forming a cost function, with the processor of the
apparatus, based at least partly on the information about
the resources of the at least one peripheral component,
wherein the cost function is configured to measure a
tradeoff between gain provided by use of the at least one
peripheral component and a corresponding cost to sys-
tem functionality as a result of the use of the at least one
peripheral component;

means for determining, with the processor of the apparatus,

an entry combination of the resources forming the cost
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function such that the entry combination is at least in part
compliant with the policy; and

means for changing configuration of the apparatus, with
the processor of the apparatus, to at least partly comply
with the determined entry combination.

18. A computer program product stored on a non-transitory
computer readable medium and executable in a data process-
ing device, wherein the computer program product com-
prises:

a computer program code section configured to obtain
information about resources of one or more peripheral
components from at least one peripheral component;

a computer program code section configured to form a
policy based at least partly on the information about the
resources of the at least one peripheral component;

a computer program code section configured to form a cost
function based at least partly on the information about
the resources of the at least one peripheral component,
wherein the cost function is configured to measure a
tradeoff between gain provided by use of the at least one
peripheral component and a corresponding cost to sys-
tem functionality as a result of the use of the at least one
peripheral component;

a computer program code section configured to determine
an entry combination of the resources forming the cost
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function such that the entry combination is at least in part
compliant with the policy; and

a computer program code section configured to change
configuration of the apparatus to at least partly comply
with the selected entry combination.

19. A computer program product according to claim 18,

wherein the computer program product comprises further:

a computer program code section configured to store said
information into a memory being in functional connec-
tion with the apparatus; and

a computer program code section configured to link infor-
mation in the memory regarding to a property it belongs
to.

20. A computer program product according to claim 18,

wherein the computer program product comprises further:

a computer program code section configured to form one or
more cost functions by using the collected information
within a property with respect to resource variables
within said property; and

a computer program code section configured to arrange at
least partly an optimization of said cost functions
regarding to selected property.

#* #* #* #* #*



